RADIO ACCESS SYSTEM WITH MEANS FOR DECIDING WHETHER 
FINAL DIGIT OF TELEPHONE NUMBER HAS BEEN PUSHED OR NOT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a radio access sys- 
tem having a subscriber terminal, a base station connect- 
able to the subscriber terminal via a radio link, a base 
station control station for controlling the base station, 
and an exchange accommodating a telephone set and con- 
nected to the base station control station. 

2. Description of the Related Art: 

Heretofore, telephone systems based on radio commu- 
nications, such as portable telephone systems , transmit 
off-hook and dialing signals according to a predetermined 
signal sequence to base stations. 

One such telephone system is disclosed in Japanese 
laid-open patent publication No. 63-78643. 

An operation sequence of the disclosed telephone 
system will be described below with reference to Fig. 1 
of the accompanying drawings. As shown in Fig. 1, when 
the handset of a telephone set 5 is removed from its 
switch (off-hook state), a subscriber terminal 4 trans- 
mits a false dial tone (DT) to the telephone set 5. At 
the same time, the subscriber terminal 4 operates on a 
base station 3 or a base station control station 2 to es- 



tablish a radio link between the subscriber terminal 4 
and the base station 3 (or the base station control sta- 
tion 2). The subscriber terminal 4 also decides whether 
keys of the dial or push-button pad on the telephone set 
5 are pushed to dial a telephone number and whether a dial- 
ing signal from the telephone set 5 represents a final 
digit of the dialed telephone number- If the radio link 
has been established and the dialing signal represents 
the final digit, the subscriber terminal 4 sends dialing 

10 information to the base station 3 (or the base station 
control station 2). The disclosed telephone system is 
silent as to a specific process for determining the final 
digit. The base station 3 (or the base station control 
station 2) converts the received dialing information to a 

15 dialing signal (PB or DP) , which is supplied to an ex- 
change 1 that operates to call the destination party. 

Portable telephone systems employ an inter-digit 
timer for measuring an inter-digit pause. A final digit 
of the dialed telephone number is determined when no di- 

2 0 aling signal comes in as detected by the inter-digit 
timer . 

In the telephone system disclosed in Jag&pt&&a laid- 
open patent publication No. 63-78643^-tfie subscriber ter- 
minal has a circuit for decj^Cng whether a dialing signal 
25 from the telephone^x represents a final digit of the 

dialed telepjvefie number, and a means for transmitting di- 
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aling signals altogether which^Jiaif^-^fieen generated when 
keys of th^^di^^Tya^ar 6 pushed. 

However, the conventional telephone system suffers 
the following problems: 

1) A long period of time is required after the sub- 
scriber has pushed keys of the dial pad until a final 
digit of the dialed telephone number is determined. 

2) A long period of time is required after the final 
digit has been determined until the subscriber is able to 
talk to the called party. 

3) If the inter-digit timer is set to too a short 
period of time, then the dialing information is transmit- 
ted to the base station while the subscriber is dialing 
the telephone number, tending to result in a connection 
failure or error. 

4) If the inter-digit timer is set to too a long pe- 
riod of time, then a connection failure or error is also 
liable to occur. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a radio access system which can solve the problem of a 
delay caused by the outbound transmission of dialing sig- 
nals, which is inherent in a portable telephone system. 

A radio access system according to the present in- 
vention has a subscriber terminal, a base station con- 



nectable to the subscriber terminal via a radio link, a 
base station control station for controlling the base 
station, and an exchange accommodating a telephone set 
and connected to the base station control station. The 
5 subscriber terminal detects when the telephone set is in 
an off-hook state, sends a dial tone to the telephone 
set, establishes a radio link between the subscriber ter- 
minal and the base station or the base station control 
station, thereafter receives dialing signals, which are 

10 generated when keys of a dial pad on the telephone set 
are pushed to dial a telephone number, sent from the 
telephone set to the base station or the base station 
control station. Either the base station or the sub- 
scriber terminal has a means for deciding whether a dial- 

15 ing signal represents a final digit of the dialed tele- 
phone number or not . 

Since either the base station or the subscriber ter- 
minal has a means for deciding whether a dialing signal 
represents a final digit of the dialed telephone number 

20 or not, the radio access system is capable of solving the 
problem of a delay caused by the outbound transmission of 
dialing signals, which is inherent in a portable tele- 
phone system. 

The radio access system can provide radio service 

25 between the base station and the subscriber's home, and 
hence is advantageous from the standpoint of subscriber 
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equipment installation, maintenance, and early opera- 
tional capability. 

The above means may comprise an inter-digit timer 
and means for determining that a dialing signal repre- 
sents a final digit of the dialed telephone number if a 
key of the dial pad has not been pushed for a predeter- 
mined period of time. 

The above means may also comprise means for counting 
dialing signals sent from the telephone set. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent from 
the following description when taken in conjunction with 
the accompanying drawings which illustrate some preferred 
embodiments of the present invention by way of example. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing an operation sequence of 
a conventional telephone system; 

Fig. 2 is a block diagram of a radio access system 
according to the present invention; 

Fig. 3 is a diagram showing an operation sequence of 
the radio access system shown in Fig. 2; and 

Fig. 4 is a diagram showing another operation se- 
quence of the radio access system shown in Fig. 2. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the Fig. 2, there is shown a radio 



access system according to the present invention which 
comprises an exchange 1, a base station control station 
2, a plurality of base stations 3, a plurality of sub- 
scriber terminals 4, and a plurality of telephone sets 5. 

The base stations 3 are connected to the base sta- 
tion control station 2 by cables 202 including optical 
fibers. Each of the base stations 3 which are connected 
to the base station control station 2 by radio signals 
comprises antennas 301, 302, a sending and receiving cir- 
cuit 310 for receiving radio signals from the base sta- 
tion control station 2 and sending radio signals to the 
base station control station 2, a converting circuit 313 
for converting signals to radio signals for transmission 
to the subscriber terminals 4, and a converting circuit 
311 for converting signals from the base station control 
station 2 and the subscriber terminals 4 to radio sig- 
nals. The base station control station 2 has an antenna 
201 for sending and receiving radio signals. Each of the 
base stations 3 which are connected to the base station 
control station 2 by the cables 202 has the antenna 302, 
the converting circuit 313, and a converting circuit 312, 
which is similar to the converting circuit 311, for con- 
verting signals to radio signals. 

Each of the subscriber terminals 4 comprises an an- 
tenna 401 for sending radio signals to the base stations 
3 and receiving radio signals from the base stations 3, a 



converting circuit 410 for converting signals to radio 
signals, and a telephone set interface converting circuit 
411 for receiving radio signals. The telephone set in- 
terface converting circuit 411 can be connected to one of 
the telephone sets 5. The subscriber terminals 4 include 
a telephone set interface converting circuit 412 , similar 
to the telephone set interface converting circuit 411, 
which can accommodate a plurality of telephone sets 5- 

Operation of the radio access system shown in Fig. 2 
will be described below with reference to Fig. 3. 

When a subscriber removes the handset of the tele- 
phone set 5 from its switch (of f -hook state) , the corre- 
sponding subscriber terminal 4 detects the off-hook 
state, and sends a false dial tone (DT) to the telephone 
set 5. At the same time, the subscriber terminal 4 oper- 
ates on a base station 3 or a base station control sta- 
tion 2 to establish a radio link between the subscriber 
terminal 4 and the base station 3 (or the base station 
control station 2). The subscriber terminal 4 then sends 
a dialing signal (PB or PD) , produced each time a key of 
the dial pad on the telephone set 5 is pushed to dial a 
telephone number, to the base station 3 (or the base sta- 
tion control station 2). The base station 3 decides 
whether a dialing signal represents a final digit of the 
dialed telephone number or not. If a dialing signal rep- 
resents a final digit of the dialed telephone number, 



I t 



9 



10 



15 



20 



25 



then the base station 3 opens an inbound communication 
link. The dialing signals are transmitted as outbound 
signals . 

The base station 3 decides whether a dialing signal 
represents a final digit of the dialed telephone number 
by either: 

1) using an inter-digit timer 500 ( see^J£irg r 7 2) con- 
nected to the base station 3 and determining a final 
digit of the dialed telegjjGfrgnumber if a key of the dial 
pad has not beej^-j^ushed for a predetermined period of 
time^^a^measured by the inter-digit timer 500; or 

2) counting digits of the dialed telephone number. 

When the subscriber places the handset of the tele- 
phone set 5 on its switch (on-hook state), the subscriber 
terminal 4 detects the on-hook state, and breaks the ra- 
dio link between the base station 3 (or the base station 
control station 2) and the subscriber terminal 4. 

Fig. 4 shows another operation sequence of the radio 
access system shown in Fig. 2. According to the opera- 
tion sequence shown in Fig. 4, the telephone terminal 5 
sends a dialing signal representing a first digit of the 
dialed telephone number to the subscriber terminal 4 be- 
fore the acknowledgment of a connection is sent from the 
base station control station 2 to the subscriber terminal 
4 . 



The radio acc 



system shown in Fig. 2 may be modi- 
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1) The exchange 1 and the base station control sta- 
tion 2 may be connected by radio links or cables. 

2) The exchange 1 may be connected directly to ordi- 
nary telephone sets 5 on a ground network or may be con- 
nected to a private branch exchange (PBX) on a ground 
network which is equivalent to the exchange 1 . 

3) The base station control station 2 and the base 
station 3 may be connected to each other by radio links, 
optical fibers, metal cables, or any other mediums capa- 
ble of transmitting signals for communications . 

4) The base station control station 2 and the base 
station 3 may be connected to each other in a point-to- 
point or point-to-multipoint access configuration. 

5) The base station 3 and the subscriber terminals 4 
are connected to each other by radio links. On the basis 
of a point-to-multipoint (or point-to-point) multiplex 
system, signals to be transmitted between the base sta- 
tion 3 and the subscriber terminals 4 may be multiplexed 
by TDMA (Time-Division Multiple Access), FDMA (Frequency- 
Division Multiplex Access), CDMA (Code-Division Multiplex 
Access), or the like. 

6) A radio access system between the base station 3 
and the subscriber terminals 4 may be GSM (Global System 
for Mobile Communication) , AMPS (Advanced Mobile Phone 
Service), PDC (Personal Digital Cellular), PCS (Personal 



m 



in 




Communication System) , DECT (Digital European Cordless 
Telephone), PHS (Personal Handyphone System), or the 
like . 

7 ) One or more subscriber terminals 4 and one or 
more telephone sets 4 may be connected. 

The operation sequences shown in^Fijgs-T — 4 and 4 may 
be modified as 

1) When the handset of a telephone set 5 is removed 
g from its switch and keys of the dial pad are pushed while 
m 10 the base station 3 (or the base station control station 
lg 2 ) and the subscriber terminal 4 are performing a control 
t ^ process to establish a link, the subscriber terminal 4 

5 

- : — J 

T ~* may temporarily store a set of dialing signals, and then 

*S send the stored dialing signals after the link has been 

: 

15 established (see Fig. 4). 

2) The base station 3 which has received a dialing 
signal has a function to convert the dialing signal to a 
PB or PD dialing signal. This converting function may be 
performed by the base station control station 2. 

20 3) The value of the inter-digit timer 500 connected 

to the base station 3 (or the base station control sta- 
tion 2) may be made variable. 

4) The number of digits counted by the base station 
3 (or the base station control station 2) may be made 
25 variable. Specifically, the number of digits is "10" if 
a dialed telephone number is "03-1234-1567" , for example, 



-10- 



and the inter-digit timer is actuated when the number of 
digits reaches "10" at the time the key "7" of the dial 
pad is pushed. If a dialed telephone number is an over- 
seas telephone number of "001-81-3-1234-1567", for exam- 
ple, then the inter-digit timer is actuated when the num- 
ber of digits reaches "14" at the time the key "7" of the 
dial pad is pushed. The number of digits is counted in a 
different manner from carrier to carrier, and may be 
counted to suit individual applications. 



scriber terroijiaJrs — 3T 

6) There may be employed a means for sending a busy 
tone (BT) or a means for sending an arbitrary tone such 
as a howler tone (HWT) with an arbitrary setting unless a 
key of the dial pad is pushed for a certain period of 
time (which may be arbitrarily set) after a dial tone has 
been sent from the subscriber terminal 4 . 

Although certain preferred embodiments of the pres- 
ent invention have been shown and described in detail, it 
should be understood that various changes and modifica- 
tions may be made therein without departing from the 
scope of the appended claims. 




